Abstract: Sleep rejuvenates the body and plays a role in consolidating newly encoded memory for long-11 term storage. Evidence suggests that early sleep, featuring reduced cholinergic tone and slow-wave 12 activity, is important for consolidating episodic memory. The relationship between procedural memory 13 consolidation, early sleep, and acetylcholine level has not been investigated. We hypothesized that 14 increasing acetylcholine levels during early sleep would disrupt the consolidation of procedural memory 15 as measured by rotarod and skilled reaching tasks. Separate groups of adult mice were trained on the tasks 16 and after training, were given physostigmine, an acetylcholinesterase inhibitor, to increase cholinergic 17 tone in subsequent sleep. Post sleep testing showed that physostigmine impaired motor performance.
A reduction in cholinergic tone using chemogenetic inactivation of cholinergic neurons during early sleep 23 also did not affect rotarod performance. Finally, administration of agonists and antagonists of muscarinic 24 and nicotinic acetylcholine receptors revealed that it was the activation of muscarinic receptors during 25 early sleep that impaired rotarod performance. The experiments support the idea that the increased slow 26 wave activity of early sleep and associated inactivation of muscarinic receptors due to reduced 27 acetylcholine contribute to procedural memory consolidation. 
94

Rotarod Task Results
95
In the rotarod task (Fig. 1A) , mice learn to maintain balance on an elevated rotating drum to prevent 96 themselves from falling. The maximum speed they attain just before they fall is used as a measure of their 97 learning during training and performance at a later time. On day 1 (training day) mice were given 10 trials 98 of rotarod early in the morning (8:30am -10:00am) when sleep pressure is high. They gradually learnt 99 the task as speeds increased with trials ( Fig. 1B -left) . The increase in speeds was much faster in trials 1, 100 2 and 3 and became gradually faster in successive trials for 58 mice in the baseline group (F9,513 = 24.52, 101 pgg = 5.97e-27, ANOVA-RM, effect for trials, pgg is Greenhouse-Geisser corrected p value -see methods).
102
Post hoc comparisons with Tukey-Kramer's correction revealed that speeds in trials 2 and 3 were 103 significantly higher than in trial 1 (p = 0.010 and p = 1.103e-5 respectively) indicating fast learning.
104
Furthermore, speeds in trials 7-10 were significantly higher than in trial 3 (p<0.006 for all pairwise 105 comparisons) suggesting continual learning in subsequent trials. At the end of the training sessions, saline 106 or physostigmine was immediately administered in two groups of mice, and they were returned to their 107 home cages allowing them to rest or sleep.
108
To assess whether mice retained motor memories acquired on the training day, we gave 10 trials of rotarod 109 training on day 5 (probe day) around the same time of light/dark cycle on which initial training had 110 occurred (Fig. 1A) . We compared speeds in the first trial of the probe day with speeds in the last trial of 111 the training day. For mice in the saline group, the two sets of speeds were similar (Student's t-test one-112 tailed), indicating retention of motor memory formed on the training day. For mice in the physostigmine 113 group, speeds in the first trial of the probe day were significantly lower than speeds in the last trial of the 114 training day in the baseline group (t70 = 2.50, p =0.007, Student's t-test one-tailed) suggesting impaired 115 retention of motor memory compared to the saline group (Fig. 1C) . We also compared average speeds 116 (over animals) for all trials within the experimental groups using a one-way ANOVA, which revealed a 117 significant difference among groups (F3,568 = 52.01, p =1.03e-29). The average speed of saline group was significantly greater than that of the baseline group, a composite of all mice given preliminary training on 119 Day 1, (Fig. 1D, p=3 .768e-9, post hoc Tukey's correction) as well as physostigmine group (p=3.768e-9, 120 post hoc Tukey's correction). There was no significant difference between average speeds of 121 physostigmine and the baseline group. These results thus suggest that the learned motor memories for 122 mice in the saline group were consolidated better than for mice in the physostigmine group. Although the half-life of physostigmine is less than 1 hr in rodents (Somani 1989 ), but physostigmine also 144 produces bradycardia, salivation, and tremors. There was a possibility that these non-mnemonic effects of 145 physostigmine affected performance on the probe day. In a separate cohort of mice (n=6), physostigmine 146 was injected 24 hours after the last trial ended on the training day (physo-late group). Rotarod speeds of 147 these mice in the first trial on the probe day were similar to baseline speeds in the last trial of the training 148 day (Fig. 1B) . In addition, average speed (over animals) in all trials was significantly greater compared to 149 baseline and physostigmine groups ( Fig. 1D . p = 3.768e-9 for both comparisons, one-way ANOVA with 150 post hoc Tukey's correction). These results suggest that motor memory induced by the rotarod task is 151 consolidated after the first sleep session post training.
152
Skilled Forelimb Reach Task Results
153
The single pellet reaching task ( Fig. 2A ) requires animals to coordinated movements of the arm, wrist,
154
and hand in order to reach through a slot to obtain a food pellet. Mice were trained/tested for 10 days and 155 on each day one group was injected saline and a second group injected with physostigmine after training
156
( Fig. 2A ). Mice injected with physostigmine were slower in learning the task, as suggested by a smaller 157 number of animals learning the task within the first 5 days compared to those injected with saline ( Fig. 
158
2B, an association between substance injected and success was observed on days 3 and 4, χ 2 (1) = 10. To assess the effect of physostigmine injections on the quality of reaches, we scored reaching movements 4.34, p = 0.025). The duration of thalamocortical spindles from M2 was significantly reduced after 276 physostigmine injections within the first hour (Fig. 4F ) but the spindle occurrence frequency was similar.
277
These results thus suggest that physostigmine injection delay the onset of SWS sleep while reducing its 278 quality (lower slow wave power). One might argue that the observed differences in rotarod performance were due to the sleep disruptive 292 effects of physostigmine rather than to increasing acetylcholine levels per se (Figs. 3 and 4) . To investigate 293 this potentially confounding factor, we performed another set of experiments in a separate cohort of 294 animals in which one group of animals was sleep deprived for the first hour post rotarod training while 295 animals in the control group were put in home cages right after training to allow them to sleep (Fig. 5A) .
296
As before, all animals in this set of experiments were combined to obtain "baseline" performance on 297 training day (Fig. 5B, left) . The average speed (over animals) increased with trials (F9,135 = 3.23, pgg = Alternatively to increasing acetylcholine levels using physostigmine, here, we investigated the effect of 312 further reducing acetylcholine levels during early sleep on motor memory consolidation using transgenic and-half after the administration, we injected CNO just before the rotarod training in mice belonging to 318 the Chat-Cre::CAG-hM4Di CNO group (Fig. 6A) . In another group of Chat-Cre::CAG-hM4Di mice, 319 saline was injected to establish a control group. As for C57 mice, all Chat-Cre::CAG-hM4Di mice for the 320 training day were combined to form a baseline group. Mice learnt the task on the training day (Fig. 6B, 
321
F9,144 = 3.72, pgg = 0.005, ANOVA-RM, effect of trials) but their learning curve was not as steep as that 322 for the C57 mice (compare with Fig. 1B) . Speeds in the first trial on the probe day were similar to speeds 323 in the last trial of training day for both CNO and saline groups (one-tailed Student's t-test), however.
324
Furthermore, average speeds (over animals) for all trials in both CNO and saline groups were significantly 325 higher than the average speeds for the baseline group on the training day (Fig. 6C , p < 0.001 for both CNO 326 and Saline, one-way ANOVA with post-hoc Tukey's correction, F2,339 = 31.27, p = 3.482e-13), suggesting 327 that mice improved further on the probe day. The average speeds in the CNO group, however, were smaller 328 than those in saline group (Fig. 6C, p = 0.0006) . These results suggest that the action of CNO on transgenic mice during early sleep does not appreciably affect rotarod performance and has a small effect on motor 330 memory consolidation compared to physostigmine injections. day (one-tailed Student's t-test). There was an increase in speeds on the probe day (Fig. 7A, F9 ,63 = 3.67, 376 pgg = 0.024, ANOVA-RM, effect of trials). Furthermore, the average speeds (over animals) of all trials 377 were significantly higher than those for baseline and oxotremorine groups (Fig. 7B , p = 3.307e-6 and p = 378 0.009 respectively, one-way ANOVA with post-hoc Tukey's correction, F4,611 = 25.97, p = 6.823e-20).
379
Combined blockade of ACh receptors therefore did not alter performance on the rotarod task. consolidation is important for this daily improvement in motor performance.
411
We obtained support for the idea that lower ACh levels during early sleep has a positive effect in 412 enhancing motor performance suggesting a positive role for lower ACh levels in procedural memory 413 consolidation. First, we used physostigmine to increase ACh levels in post training sleep. We did not 414 measure ACh levels directly but inferred from sleep pattern changes that cholinergic tone was increased.
415
In the first hour of sleep, post injection, SWS sleep onset was delayed and there was a reduction in slow- 
420
We then asked whether impairment in motor performance resulting from physostigmine injections was 421 due either to an increase in acetylcholine levels or to sleep disruption. We ruled out the later possibility Vanderwolf 1996).
462
The findings of the present study are relevant to contemporary theories of how sleep contributes 
468
Consistent with this theory, when we increased ACh levels during early sleep, consolidation was impaired.
469
Our findings are not inconsistent with the report that it is the cyclic succession of SWS and REM is biochemical changes during sleep would allow the study of structural correlates of memory consolidation.
490
METHODS
491
All experiments were performed in accordance with Canadian Council of Animal Care and were approved 492 by the University of Lethbridge Animal Welfare Committee.
493
Experimental Animals
494
Adult wild-type (WT) mice (C57 Bl/6J, Jackson laboratories), N=110, and transgenic mice (Chat-
495
Cre::CAG-hM4Di), N=17, 3-6 months old, both male and female, and weighing 20-30g were used in this 
Motor Learning Tasks
505
Rotarod Task
506
In the rotarod task, mice learn to balance while running on an elevated rotating drum whose speed is 507 gradually increasing (Fig. 1A) . As they learn to keep their balance they can stay on the rotating drum for 508 longer times at higher speeds of the drum. Eighty four C57/BL6 and 17 Chat-Cre::CAG-hM4Dimice were 509 used and were randomly divided into control and experimental groups. We used the modified version of and animals were returned to home cages to allow them to sleep.
522
Skilled-Forelimb Reach Task
523
The skilled forelimb reaching task was established by Whishaw et al (Whishaw 2000) and is used to study 524 fine/precise co-ordinated movements of forelimb, arm, hand and digits as they work together to retrieve 525 food. For the skilled forelimb reach task 21 C57/BL6 mice were used and were divided into control and 526 drug groups by a third person making sure the experimenter was blind to the two groups. The animals
527
were placed on food restriction 3-4 days before the beginning of training. Prior to food restriction, mice 528 were weighed three days to obtain an average pre-restriction weight followed by a daily monitoring during 529 the food restriction period to maintain 85% of the average weight.
530
The animals were placed in a clear plexiglass testing chamber (20 cm long, 9 cm wide, and 20 cm high) curved out on the shelf to place 14mg food pellets. All mice were handled daily and were habituated to 534 the testing chamber for a week. Two days before training, the mice were given 10 pellets inside the 535 chamber and then 10 pellets very close to the slit on shelf before moving the pellet further on the groove.
536
The training/testing began on the day the mice were presented with food pellets in the grooves located on 537 the shelf. The training/testing consisted of 10 days with one session each day consisting of 20 trials.
538
"Reach" was scored when the animal extended its forelimb through the slot. A "success" was scored if the animal grasped the food, retracted the paw and successfully brought the pellet back to its mouth and 540 consumed it in a single reach. On each day, immediately after training/testing and before sleep all mice 541 received either drug or saline and were allowed to sleep. On 9 th day of training/testing all mice were filmed 542 with a Panasonic HDC-SDT750 camera at 60 frames per second with an exposure rate of 1ms.
543
Illumination for filming was obtained from a two-arm cold light source (Nikon Inc.). Quality of reaches
544
was assessed from the videos by the scoring method developed by Whishaw (Whishaw 2000) .
545
Components of reach related to, hind feet, fore feet, sniff, lift, elbow in, advance, pronation, grasp, 546 supination 1, supination 2, release, and replace were scored. 0, 0.5, and 1 scores were given for good, 547 impaired, and abnormal reaches respectively. A higher score thus indicated inferior performance. On each 548 day of testing the order of the animals to be tested was randomized and the experimenter was blind to the 549 two groups.
550
Drugs and Solutions
551
The drugs Physostigmine Salicylate, Scopolamine Hydrobromide, Mecamylamine Hydrochloride,
552
Oxotremorine M, and Nicotine hydrogen tartrate salt were used in this study. All drugs were obtained 553 from Sigma-aldrich and dissolved in saline for administration. Saline was injected in control animals.
554
Physostigmine was first dissolved in 100% ethyl alcohol to make a stock solution of 10mg/ml and later 555 diluted 1000 times in saline to obtain a final concentration of 0.01mg/ml. All Drugs were prepared just 556 before use or diluted from a stock solution. The drugs were administered intraperitoneally. For rotarod 557 task, mice were assigned to six groups. Each group received one of the drugs; physostigmine (P group),
558
Oxotremorine (Oxo group), Nicotine (Nico Group), Scopolamine and Mecamylamine (SM group), and 559 Saline (S group). For skilled reach task, mice were assigned to two groups with one receiving 560 physostigmine and the other saline.
561
Pharmacological Treatment.
562
Physostigmine group (Physo group)
563
To increase cholinergic tone during SWS 14 mice were administered with physostigmine (an acetylcholine Dhingra and Soni 2018). Since it was a single dose study an acute dosage of physostigmine 0.1mg/kg was used. After the training session and drug administration, the animals were transferred to their home cages 568 and allowed to sleep. The elimination half-life of physostigmine is documented to be 1. 
577
Scopolamine/mecamylamine group (Sco+Meca group).
578
To block cholinergic transmission, we administered a combination of the muscarinic receptor antagonist 
587
Oxotremorine and nicotine Groups (Oxo and Nico respectively)
588
To observe ACh receptor specificity for mediation of motor memory consolidation, we administered either 589 oxotremorine (0.01mg/kg) or Nicotine (2mg/kg), a selective muscarinic and nicotinic ACh receptor 590 agonist respectively, to two separate groups of animals (oxotremorine n=8, nicotine n=8) after the rotarod (Mill-Max Mfg. Corp.) and the headpiece was secured to the skull using metabond and dental cement.
629
Electrophysiology
630
Animals were allowed to recover for 10 days after surgery and then habituated for 5 to 7 days in the and EMG activty were amplified, filtered (0.1-4000 Hz) and digitized at 16 kHz using a Digital Lynx SX
636
Electrophysiology System (Neuralynx, Inc.) and the data were recorded and stored on a local PC using
637
Cheetah software (Neuralynx, Inc.). A Pi camera was used to record animal's behaviour during the 638 recording.
639
Data Analysis
640
All the analyses were performed offline. Sleep scoring was performed in 6-sec long epochs. For that, raw
641
EMG activity was filtered between 90 Hz and 1000 Hz and then rectified and integrated using 4-sec 642 moving windows. This signal was thresholded to detect periods of immobility. Slow wave power (0.5 to 643 4 Hz) of the cortical LFP was calculated in each epoch using taper spectral analysis and thresholded using 644 values between 0.04 and 0.1 mV 2 /Hz (depending on the animal) to detect SWA in cortical recording.
645
When the animal was immobile and cortical LFP showed SWA, the epoch was scored as SWS. For 646 detecting REM sleep, the ratio of theta power (6 to 9 Hz) to the total power of hippocampal LFP was 647 calculated in each epoch using taper spectral analysis and when this ratio was above 0.4-0.6 (different for 648 individual animals) and EMG showed immobility, the state was scored as REM sleep. All other epochs were considered as waking state. These scorings were further confirmed using video recording. To events was determined where the envelope signal was higher than 2.5 SD from its mean. Spindles shorter 662 than 500msec or longer than 2sec were rejected. Spindles that occurred within 100 msec of each other 663 were combined to be considered a single event.
664
Sleep deprivation
665
Animals were observed for signs of sleep such as little motion and closed eyes and were gently moved 666 with hand to prevent them from sleeping. Place of their nest was also changed sometimes to keep them 667 awake for a little longer period before they would begin to sleep again. Occasionally, their cage was lifted 668 and put down to keep them awake. However, animals were not disturbed when they were already awake. 
